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ABSTRACT  
 
This paper presents photoconductivity investigation of catalyst-free AlN nanowire synthesized by chemical 
vapor deposition using Al and NH3, as source materials. The growth runs have been carried out at 1100oC 
under H2 as carrier gas. The growth runs have resulted in very high quality and dense AlN nanostructures. In 
addition, nanowire FET devices have been fabricated. A unique annealing scheme has been implemented to 
improve contacts between nanowires and electrodes, which resulted in very consistent electrical 
measurements. Photoconductivity studies of the AlN nanowires have been conducted at various light sources 
with wavelengths of 254 nm, 365 nm, 532 nm and 633 nm using a semiconductor parameter analyzer. 
Significant positive photocurrent responses have been measured under different photon energy excitations. 
Furthermore, photocurrent decay has been very rapid after the illumination ended. These studies will provide 
crucial information and insights for the development of UV optoelectronic devices and light sensors. The 
grown nanowires and devices have been characterized by SEM, EDS, XRD, and semiconductor parameter 
analyzer. 
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1. INTRODUCTION  
 
Aluminum nitride (AlN) is a very important semiconductor material for electronic and optoelectronic 
applications. As a wide band gap (6.2 eV) III-V semiconductor, AlN has attracted great interest due to its 
inherent superior properties such as excellent thermal conductivity, low thermal expansion coefficient, high 
chemical stability, high electrical resistivity, and low electron affinity [1-3]. Aluminum nitride nanowires are 
important not only for understanding fundamental concepts underlying the observed electronic, optical, and 
mechanical properties of materials, but also for the superior potential applications in many fields including 
power transistors, heat sinks, photosensors, piezoelectric nanogenerators, UV photodetectors, and light-
emitting devices. Due to the advancements in fabrication techniques, nanostructured materials can now be 
produced in more controlled ways. These advancements open up new opportunities for utilizing superior 
properties of these low-dimensional materials. One of the most interesting study areas of the nanostructured 
materials is their photoconductivity, which could open up new and superior applications in photodetectors, 
photovoltaics, optical switches, image sensors, and biological and chemical sensing. 
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Research on a number of nanomaterials has recently accelerated for the use of light-sensitive device 
applications. These studies include In2Se3 nanobelt, ZnSe nanowire, CdS nanobelt, ZnO nanowire [4-7]. 
However, the expected rate of photoconductivity and the response has yet been reached. These results have 
led the investigators to work at different candidate materials. Calarco et al. reported that photoconductivity of 
GaN nanowires vary with nanowire diameters [8]. Soci et al. reported that ZnO nanowires showed high 
photoconductivity gain [9]. 
 
1-D AlN nanostructures have been synthesized through direct nitridation of Al by NH3. Free-standing 
catalyst-free nanowire films provide great opportunities due to easy transfer of these high density 
nanostructures into any substrate for the development of new devices for many technological applications in 
flexible optoelectronics and piezoelectric electricity generators. 
 
2. ALUMINUM NITRIDE NANOWIRE GROWTH AND ANALYSIS 
 
Nanowire growth has taken place in a resistively heated hot-wall 25-mm horizontal LPCVD reactor. An 
alumina boat containing Al (99.97 % purity, about 60 mg) was loaded into the CVD reactor. Then, the reactor 
was evacuated and purged three times with hydrogen (99.999 %). After purging cycles, the reactor was heated 
to targeted growth temperature (1100oC) under carrier gas. Then, the growth was carried out by flowing NH3 
(99.99%) and H2 gases through the reactor for typically about 120 min. The gas flow rates were controlled by 
mass flow controllers and set to 300 sccm for both H2 and NH3. After the growth, NH3 was shut off and the 
reactor cooled down under H2 flow until 250oC. Then, the furnace naturally cooled down to room 
temperature. 
 
Figure1 shows SEM images of the catalyst-free grown ultra-dense AlN nanostructure films at 1100oC. 
The AlN nanostructures were directly grown on the source Al, which was placed directly inside the alumina 
boat. These free-standing nanostructure films were attached to conductive carbon tape before placing to the 
SEM sample holder. The AlN nanowire diameters are about 60 nm and lengths up to few tens of microns. The 
mechanism for the catalyst-free growth of the AlN nanostructures is believed to be through a VLS growth 
mechanism with Al droplets serving as the catalyst. 
 
 
    
(a)      (b) 
Figure 1. SEM images of catalyst-free grown ultra-dense AlN nanostructure films at 1100oC: (a) nanoneedles, 
(b) nanowires. 
Proc. of SPIE Vol. 8766  87660A-2
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 05/16/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx
0 1 2 3
Full Scale 1195 cts Cursor: 10.040 (0 cts)
4 J 6 7 8 9
ke'V
12000
10000
8000
4000 -
2000 -
o
óO
30 35 40 45
Degrees (20)
1
50
-..--A,
I
55 60
 
 
Energy-dispersive X-ray spectroscopy (EDS) was also used to determine the chemical composition of the 
grown AlN nanostructures. The EDS spectrum, shown in Figure 2, indicates the presence of only Al and N 
elements. No oxygen was observed. This result indicates that the grown AlN nanostructures have high purity.    
 
Figure 2. EDS spectrum acquired from the catalyst-free grown AlN nanostructures. 
In order to determine the structure and crystal quality of the AlN nanostructures, XRD measurements 
were carried out using Cu Kα radiation (λ = 1.54 Ao). A typical spectrum is shown in Figure 3. The diffraction 
peaks in the spectrum were indexed to a hexagonal wurtzite crystal structure. The lattice constants derived 
from the peak positions were a = 0.3114 nm and c = 0.4979 nm (JCPDS: No. 25-1133). The diffraction peaks 
and their positions from the AlN nanostructures can be listed as: (100) - 33.2o; (002) - 36.04o; (101) - 37.92o; 
(102) - 49.82o; (110) - 59.35o. 
   
 
Figure 3. XRD spectrum of the AlN nanostructures indicating hexagonal wurtzite structure. 
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3. PHOTOCONDUCTIVITY MEASUREMENTS 
AlN nanowire based devices have been fabricated using standard microfabrication processes. Figure 4 shows 
SEM image of the aligned single nanowire between electrodes by dielectrophoresis method. Electrodes (10nm 
Ti/ 90nm Au) were constructed using standard microfabrication techniques onto SiO2/Si substrate. The 
average spacing between electrodes is about 3 µm. 
 
 
 
Figure 4.  SEM image of the aligned AlN nanowire between gold electrodes. 
 
Initially, nanowires were suspended in isopropyl alcohol. A micropipette was used to apply ~ 2 µL of 
nanowire solution to the surface of the patterned substrate. Then, AC voltage (Vpp= 5V, f = 1 kHz) was 
applied via a function generator about 50 seconds.  Once the drop was removed, the AC signal was turned off. 
Following that, the devices were annealed at 300oC in air under 1N of static load to improve the contacts 
between nanowires and the gold electrodes. IV measurements of the devices indicated that AlN nanowires 
maintain their electrical properties through the alignment and placement process. The IV curve also indicated 
that the annealing process is very successful. 
 
Following the successful device fabrication, photoconductivity studies have been conducted. Under light 
exposure, a change in conductivity could take place mostly due to a change in carrier concentration: 
 
Δσ = σlight – σdark = e.Δn.µ    (1) 
     
 
where Δσ is the change in conductivity, e is the electronic charge, Δn is the change in carrier concentration, 
and µ is the carrier mobility. As shown  in equation (1), the magnitude of the change in conductivity depends 
on the number of photogenerated carriers. The increase in photoconductivity is even higher for nanoscale 
materials due to presence of high density of surface states. This characteristic makes nanomaterials very 
attractive as photosensing elements in many highly-integrated optoelectronic devices. 
 
Figure 5 shows the photocurrent-time response of the devices under the irradiation of 254 nm UV light at 
3 V bias. It exhibits significant positive and fast photocurrent response to UV light exposure. Furthermore, 
photocurrent decay has been very rapid after the illumination ended, which suggests the absence of defect 
traps. This also confirms that the AlN nanowires have very high optical quality. The measurements were 
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conducted at different wavelengths and power levels. The wavelengths of 532 nm and 633 nm did not yield 
any observable change in nanowire conductivity. However, the 365 nm UV light exposure caused a 
significant positive photocurrent response. In fact, the response was very similar to that of 254 nm UV light 
illumination. The only difference is that the magnitude of the change is smaller with the 365 nm UV light, 
which indicates that the efficiency of photogenerated carriers depends on the wavelength of the light source. 
 
 
 
Figure 5.  Photocurrent-time response of the AlN nanowire under the illumination of 254 nm UV light (8 W) at 
3 V bias. 
 
Similar studies on GaN and ZnO nanowires have shown positive photocurrent responses [8-9]. A 
mechanism was proposed to explain the possible reasons for the high photocurrent responses on these 
nanostructures. Upon light exposure at photon energies higher than the bandgap energy, electron-hole pairs 
are generated ( hv         e- + h+ ). Then, the photogenerated holes move to the surface and discharge the 
negatively charged adsorbed oxygen ions at the surface. Thus, oxygen is desorbed from the surface with the 
following reaction: 
O2- + h+             O2 (g)      (2) 
    
The unpaired electrons are collected at the cathode and contribute to the photocurrent. As the carrier lifetime 
increases, this proposed mechanism enhances the nanowire photoresponse and thereby results in a very high 
photoconductive gain. These results suggest that AlN nanostructures could open up new opportunities in very 
sensitive photosensors. 
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4. CONCLUSIONS 
Photoconductivity investigation of catalyst-free AlN nanowires, synthesized by chemical vapor deposition 
using Al and NH3, has successfully been demonstrated. AlN nanowire based devices have been fabricated and 
they exhibited very consistent electrical characteristics. Various light sources with wavelengths of 254 nm, 
365 nm, 532 nm and 633 nm have been used for the photoconductivity measurements. Significant positive 
photocurrent responses have been measured under different photon energy excitations, except with the 532 
nm and 633 nm wavelengths.  Furthermore, photocurrent decay has been very rapid after the illumination 
ended, which indicates the absence of defect traps. These studies provide important insights for the 
development of UV optoelectronic devices and light sensors using AlN nanostructures. 
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